In this study, 90 human breast milk samples collected from Japan, Korea, 22 and China were analyzed for perfluorooctanoic acid (PFOA) (C8), 23 perfluorononanoic acid (PFNA) (C9), perfluorodecanoic acid (PFDA) (C10), 24 perfluoroundecanoic acid (PFUnDA) (C11), perfluorododecanoic acid 25 (PFDoDA) (C12), and perfluorotridecanoic acid (PFTrDA) (C13). In addition, 26 infant formulas (n=9) obtained from retail stores in China and Japan were 27 analyzed. PFOA was the predominant compound and was detected in more 28 than 60% of samples in all three countries. The PFOA, PFNA, PFDA, and 29
column was washed with 10 mL of hexane and 30 mL of ethyl acetate that 155 had been prefiltered through another Presep-C silica gel column. The target 156 fraction was eluted using 12 mL of acetone that had been prefiltered through guidelines on the packages. Cow milk (4 mL), Milli-Q water (2 mL, 163 procedural blank), and infant formulas (2 mL) were treated by the same 164 procedure used for the human breast milk samples． The extracts were analyzed by gas chromatography-mass spectrometry 168 (Agilent 6890GC/5973MSD; Agilent Technologies Japan Ltd., Tokyo, Japan) 169 in the electron impact ionization mode. The PFCAs were separated on a 170 J&W DB-5MS column with a helium carrier gas (1.5 mL min -1 ). The splitless 171 injection volume was 2 μL. The oven temperature was 70 °C for 2 min 172 initially, and then ramped up to 280 °C at 20 °C min -1 . The monitored ions 173 are listed in Table 2 . Standard stock solutions (2 μg mL -1 ) were diluted to 174 seven working standard solutions (4, 2, 1, 0.8, 0.4, 0.2, and 0.1 ng mL -1 ) by 175 serial dilutions in acetone. All the standard solutions were stored in a (PFDA). In the case of blank levels, the mean blank signal was subtracted 186 from the calculated sample concentration only if the calculated sample 187 concentration was three times higher than the blank concentration. If no 188 signal was detected in the blank samples, the method detection limits 189 (MDLs) were based on the IDLs and 2-mL milk samples. Using this method, 190 we established that the MDLs ranged from 40 to 10 pg mL -1 (Table 2) . and PFTrDA were 104%, 84%, 109%, 95%, 92%, and 97%, respectively. The demographic characteristics of the participants are shown in Table 1 .
228
The participants in Korea were, on average, about 3 years older than those 229 in Japan and China. The descriptive statistical data are summarized in 230   Table 3 . PFOA was the predominant compound and was detected in more than 60% of samples in all three Asian countries. The median concentration 232 of PFOA ranged from 51 pg mL -1 in China to 89 pg mL -1 in Japan. The PFOA 233 levels in Japan were significantly higher than those in Korea and China 234 (p<0.05, Steel-Dwass test).
235
PFNA and PFUnDA were detected at comparable rates to PFOA in the 236 three countries. The levels of PFNA and PFUnDA were higher in Japan than 237 in Korea and China (p<0.05, Steel-Dwass test). PFDA was frequently 238 detected in Japan (67%), but rarely detected in Korea (13%) and China (13%).
239
In Korea, half of the milk samples contained detectable levels of PFTrDA, 240 which was the highest among the three countries (p<0.05, Steel-Dwass test).
241
PFDoDA was detected in few samples in the three Asian countries and there 242 were no significant differences (p>0.05). Regarding the total PFCAs in the 243 milk samples, PFOA accounted for 48%, 54%, and 61% in Japan, Korea, and 244 China, respectively. Among the long-chain PFCAs, odd-numbered PFCAs 245 were more frequently detected than even-numbered PFCAs, except for PFDA 246 in Japan.
247
PFOA was only significantly correlated with PFNA (ρ coefficient: >0.4)
248
( Supplemental table 1 ). There were also significant correlations between 249 PFNA and PFUnDA, PFDA and PFUnDA, and PFUnDA and PFTrDA (ρ 250 coefficients: >0.4). In general, the PFCA concentrations showed strong 251 correlations between PFCAs of similar (i.e. adjacent) chain lengths.
252
The factor analysis revealed that two potential factors, F1 and F2, 253 accounted for 43.3% and 19.0% of the total variance (with eigenvalues of >1), respectively (Table 4) , 2004; Karrman et al., 2007; Bernsmann and Furst, 2008; Tao et al., 2008; Volkel et al., 2008; Karrman et al., 2010; Llorca et al., 2010) . The occurrence 370 of long-chain PFCAs in East Asian countries is likely to be a fingerprint of 371 the sources of exposure.
372
Infant formulas were also evaluated in this study. The compositions of 373 PFCAs in the infant formulas were different from those in the breast milk 374 samples. In Japan, the levels of PFCAs in the infant formulas were lower 375 than those in the breast milk samples. These findings probably reflect 376 differences in the bioaccumulation potential between humans and cows.
377
In our study, we found no evident relationships between the mother's 378 characteristics and the PFCA concentrations. Although there were 379 statistically significant differences for some of the PFCAs, no consistent 380 trends were observed among the three countries.
381
The estimated daily intakes of PFOA were much lower than the TDI in The limitations of this study are the sample sizes and the sample selection 391 method. It should be noted that these findings were based on a relatively small number of non-randomly selected volunteer samples. Moreover, the 393 sampling times for the Chinese donors were uncertain, although it is known 394 that the profiles of chemicals may change during the lactation period.
395
Considering these limitations, a future extended study is required for 396 confirmation of these findings,
397
In conclusion, various PFCAs were detected in human breast milk samples Milk sample of 2 mL (the mean blank signal was subtracted from the calculated sample concentration only if the calculated sample concentration was three times higher than the blank concentration). For categorical variables, the means were compared between two groups by the Mann-Whitney test.
Supplemental Table 3
Daily intake estimations and hazard assessment for 1-year-old infants. 0.2% ------P90: 90th percentile. a The breast milk consumption rate and body weight for 1-year-old infants were assumed to be 600 g d -1 and 7.3 kg, respectively (Schecter, 1994) . b Percent of the tolerable daily intake (1500 ng kg body weight -1 d -1 ) for PFOA by the Scientific Panel on Contaminants in the Food Chain requested by the European Food Safety Authority in 2008 (EFSA, 2009 ).
